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Despite the preponderance of evidence on the numerous benefits of CR, it remains largely under-utilized in women.  The objective of this narrative review was to summarize and synthesize the literature on women and CR with regard to outcomes, adherence, and preferences for alternative models of CR. Studies of the effectiveness of CR have generally revealed no major differences between men and women. However, female-specific data are lacking on the effect of CR on mortality and morbidity. Research suggests that women and men may be equally likely to prefer home-based to hospital-based CR services. Women’s preferences for and outcomes in, women-only CR are beginning to be uncovered. Discussing program model options with female cardiac patients and referring to preferred types may be the appropriate approach until further evidence is available.





Cardiovascular Disease (CVD) is the leading cause of morbidity and mortality for women{{4434 World Health Organization 2008;}}. There is a plethora of mixed evidence with regard to sex (e.g., biology, physiology) and gender (e.g., psychosocial roles) differences in CV morbidity and early mortality in the literature{{441 Alter,D.A. 2002; 442 Ghali,W.A. 2002;  3297 Vaccarino,V. 2001;  }}. These can often be explained by differences in selection of clinical endpoints, and particularly by the choice of prognostic factors which are statistically controlled in analyses. However, it is well established that women with CVD do have a unique and hazardous constellation of risk factors (notably older age, and higher prevalence of comorbidities such as hypertension and diabetes{{1256 Grace,S.L. 2004;5217 Reibis,R.K. 2009;  }}), and may fare worse than men{{101 Barakat,Khalid 2000; 105 Roger,V.L. 2000; 2900 Pilote,L. 2007; }}.  
Given the high burden of CVD among women, secondary prevention strategies are imperative{{5219 Ll Lloyd,G.W. 2009; }}. Cardiac rehabilitation (CR) is an outpatient secondary prevention program composed of structured exercise training, comprehensive education and counseling which addresses these risks{{4596 Canadian Association of Cardiac Rehabilitation 2009;}}. CR has been shown to reduce mortality by 25%{{405 Taylor,R.S. 2004; }}, to reduce the need for re-hospitalization, and the use of interventional procedures. Furthermore, CR has beneficial effects on cardiac risk factors such as systolic blood pressure and total cholesterol{{405 Taylor,R.S. 2004; }}, and exercise capacity{{210 Maines,T.Y. 1997;3815 Vanhees,L. 1995; }}, all in a cost-effective manner{{305 Brown,A. 2003; }}. CR participation also results in significant health behaviour changes such as increased exercise{{2937 Grace, S.L. 2008; }}, improved diet, and smoking cessation (OR=.64{{405 Taylor,R.S. 2004; }}). Eligible patients for CR include those who have experienced an acute coronary syndrome, chronic stable angina or heart failure, percutaneous coronary intervention (PCI), coronary artery bypass surgery (CABG), cardiac valve surgery, or cardiac transplantation{{4596 Stone, J.A. 2009; }}.
Despite the preponderance of evidence on the numerous benefits of CR, it remains largely under-utilized in women. Therefore, the objective of this narrative review was to summarize and synthesize the literature on women and CR with regard to outcomes, adherence, and preferences for alternative models of CR. 
A literature search of MEDLINE and CINAHL was conducted from database inception. English-language papers or abstracts were included if they were published in a peer-reviewed journal and were from primary or secondary observational or interventional studies in which participants were cardiac patients eligible for cardiac rehabilitation. Search terms used included “coronary artery disease” combined with “cardiac rehabilitation”, “program models”, “sex differences”, “women”, “gender” and “adherence” or “program utilization”. 
2. Women & Cardiac Rehabilitation
Women are grossly under-represented in studies on the treatment of CVD, and where they are represented most studies fail to conduct gender-based analyses{{2667 Johnson,S.M. 2003; }}. This also holds true for CR trials. For example, only 3% of the patients enrolled in the CR trials systematically reviewed by O’Connor were women{{207 O'Connor,G.T. 1989; }}, and in the recent Cochrane review of CR, only 11% of patients enrolled in comprehensive CR studies were women{{1446 Jolliffe,J.A. 2001; }}. 
This is reflected in the gross under-representation of women in CR. In the United States (U.S.) and Canada{{109 Grace,S.L. 2002; }}, only approximately 15-30% of eligible patients participate in CR, with the rate for women being much lower at approximately 11-20%{{1832 Jackson,L. 2005; }}. In a cohort of all Medicare beneficiaries who had an index hospitalization in 1997 in a U.S hospital with a qualifying diagnosis, significantly fewer women (14.3%) than men (22.1%) received CR. Others have shown that the percentage of women in CR is 20% lower than what would be expected based on coronary morbidity data{{532 Schuster,P.M. 1991; 213 Ades,P.A. 1992; }}. This is despite the fact that clinical practice {{4596 Canadian Association of Cardiac Rehabilitation 2009; 211 Wenger,N.K. 1995; }}, and those specifically developed for women with CVD{{2666 Mosca,L. 2007; }} recommend that all women should participate in CR following acute coronary syndrome (ACS) or revascularization intervention (e.g., coronary artery bypass surgery [CABS] or percutaneous coronary intervention [PCI]). 
The reasons why women are missing from CR programs are multifactorial, and include health system, provider and patient-level factors{{214 Scott,L.A. 2002; }}. With regard to health system and provider factors, while physician referral practices could be optimized for men and women, it has been suggested that physicians may be less likely to refer female patients{{109 Grace,S.L. 2002; 2635 Gravely-Witte, S. 2006; }}. Indeed men are referred almost twice as often as women{{217 Thomas,R.J. 1996; }}, and physicians may recommend participation more strongly in men than women{{213 Ades,P.A. 1992; }}. With regard to patient factors, studies investigating barriers to CR participation have revealed older age, non-white ethnocultural background, transportation problems, costs, low self-efficacy, poor spousal support and / or unmarried status, lower socioeconomic status, and concomitant illness are patient-level barriers specific to females{{214 Scott,L.A. 2002; 284 Lieberman,L. 1998; 1826 Marcuccio,E. 2003; 2942 Grace, S.L. 2009; 515 Jolly,K. 2004; 5157 Sanderson,B.K. 2010; }}. 
Where women do participate in CR, do they derive the same benefits as outlined above? Studies of the effectiveness of CR have generally revealed no major differences between men and women in terms of changes in risk factors, functional capacity and quality of life{{2668 O'Farrel,P. 2000; 213 Ades,P.A. 1992; 45 Lavie,C.J. 1995;2391 Balady,G.J. 1996;  2506 Arthur,H.M. 2001; 2678 O'Callaghan,W.G. 1984;3265 Cannistra,L.B. 1992;  }}, although sex differences are found for quality of life in some studies{{2511 Deshotels,A. 1995; }}. However, sex-specific data are lacking with regard to mortality and morbidity in particular{{1152 Bittner,V. 2003; }}. In 2 RCTs where women constituted 15%{{2674 Hedback,B. 1993; }} and 20%{{2675 Hamalainen,H. 1995; }} of the sample, no sex differences in morbidity or mortality were found. Limacher has suggested that “reductions in cardiovascular death rates [for women] have not been established, owing to the limited number and size of existing studies”{{2676 Limacher,M.C. 1998; }}. However, given that where compared, women accrue the same benefits as men, the consensus in the literature is that women do indeed benefit from CR{{1152 Bittner,V. 2003; 2506 Arthur,H.M. 2001; }}. There is no evidence to suggest that women are less likely to benefit than men; indeed women often present with lower physical fitness, and as such have greater potential to benefit from CR{{2678 O'Callaghan,W.G. 1984; }}. The limited number of studies of women’s outcomes post-CR have also been positive{{295 Oldridge,N.B. 1980; 1151 Sanderson,B.K. 2005; 1843 Winberg,Birgitta 2002/6;2937 Grace, S.L. 2008;  }}, however this literature suffers from low sample sizes, and lack of randomization and control groups. 
2.1 CR Adherence
Once women do enroll in CR, they are less likely to adhere to these programs than men{{109 Grace,S.L. 2002; 359 Daly,J. 2002; 4781 Marzolini,S. 2008;}}. While dropout from CR has been reported to range from 40-60% over a 6-month period{{111 Johnson,J.E. 1998; 3217 Cooper,A. 1999; }}, most studies report higher dropout rates for women than men{{531 Halm,M. 1999;472 McGee,H.M. 1992; 532 Schuster,P.M. 1991;  }}. In a study by O’Callagan for instance{{2678 O'Callaghan,W.G. 1984; }}, over an 8 week exercise program, dropout was significantly higher in females (18.9% vs 7.9%) and session attendance was significantly lower in females than males (77% vs 87%).  A study by Schuster & Waldron{{532 Schuster,P.M. 1991; }} reported that 24% of males but 33% of females missed 1 week or more of scheduled CR sessions in the first month of the program, with 14% of females dropping out in the 1st month (vs only 5% of males). In a study of 157 female CABS patients, 8% did not attend CR at all following referral, and 22% attended irregularly, citing health, time constraints and inconvenience to explain their non-adherence{{174 Plach,S.K. 2002; }}. Conversely, non-completion in a large sample of enrollees of a 12-month CR program was significantly greater in women (35% than men (29%), but adjusted analyses revealed that factors related to gender rather than sex alone accounted for this difference. 
While it is well-established that women are less likely to adhere to CR than men, clearly given the dearth of articles reviewed above, the degree and pattern of women’s CR adherence remains incompletely understood. Moreover, this literature is plagued with inconsistencies in measurement of CR adherence, variation in use of and nature of comparison groups, and lack of comparability between studies. Use of CR program outcome measure recommendations from AACVPR{{4770 Sanderson,B.K. 2004;}}may rectify this, and ultimately provide more reproducible and interpretable evidence on sex differences in CR adherence. Given that full participation is needed for women to achieve the benefits of CR, clearly research is needed to improve adherence among women.
3. Women’s CR Preferences & Alternative Models of Cardiac Rehabilitation
The low rates of enrollment and adherence in CR programs by women raises the question of whether CR programs are equally appealing to both sexes{{2409 Bjarnason-Wehrens,B. 2007; }}. CR was originally developed in the 1970s with special regard to the needs of middle-aged men to promote return to work post-myocardial infarction (MI){{2676 Limacher,M.C. 1998; }}. Women generally have substantial differences from men at the time of a cardiac event or procedure{{316 Grace,S.L. 2002; }}. For instance, they are often 10 years older, more likely to be widowed and living alone, and of lower socioeconomic status than men. They often have greater household and caregiving responsibilities{{1672 Konstam,Varda 1994; }}. They report fewer social supports and more psychosocial distress{{532 Schuster,P.M. 1991; 935 Conn VS, Taylor SG, Wiman P. 1991;45 Lavie,C.J. 1995;  }}. They are more likely to suffer from comorbid conditions such as arthritis, osteoporosis and urinary incontinence (all conditions which may impact on motivation to exercise{{284 Lieberman,L. 1998; }}). They have lower functional capacity{{1152 Bittner,V. 2003; 2668 O'Farrel,P. 2000; }}, and a greater burden of modifiable risk factors{{2668 O'Farrel,P. 2000; }}. These differences suggest that women may have dissimilar needs and preferences for CR programs than men. Indeed, as outlined below, examination of women’s CR preferences reveal they are not always met by traditional CR. This could be one of the main causes of low CR adherence.
While the traditional model of CR care is a hospital-based mixed-sex program, women are the minority in such programs. Women report perceiving these programs as male-oriented and failing to meet their care preferences{{363 Filip,J. 1999;388 Moore,S.M. 1996;  }}. For example, women report sometimes being the only woman in a group of men, most of whom were younger than themselves, which made them self-conscious and hindered their involvement{{2682 Radley, A. 1998; }}. In a qualitative study by Moore{{388 Moore,S.M. 1996;}}, female hospital-based CR participants reported their likes and dislikes of the traditional program model. While their ‘likes’ included being monitored during exercise, receiving nutrition information, and being part of a group, their ‘dislikes’ included the lack of exercise alternatives to the treadmill and cycle ergometry, lack of emotional support from staff, lack of socialization opportunities, being weighed and the crowded physical space, and overall perceived the program as a “men’s club”(p.126). The implication is that women may find a CR program more appealing if there is a stronger psychological emphasis than is currently the case{{2045 Dafoe,W. 1997; }}, more varied exercise options, and a greater presence of female participants. 
In a quantitative study by Moore{{387 Moore,S.M. 1996; }}, male (n=33) and female (n=32) hospital-based CR participants were queried as to importance of, and experience with program elements, enabling an analysis of unmet need. With regard to important program elements, both males and females rated discussions of progress and encouragement from staff as most important, however women were more likely to rate the importance of not tiring while exercising higher than men. Women were also more likely to report pain while exercising. This is likely due to the fact that women have lower exercise self-efficacy, greater musculoskeletal comorbidities, and are less able to tolerate physical activity than men{{532 Schuster,P.M. 1991; 4781 Marzolini,S. 2008;}}, necessitating individually-tailored exercise progression and encouragement. With regard to unmet need, the feature for which women’s preferences were least well-met was the ability to choose their own exercises, with additional preferences of discussing progress, not tiring, flexible hours and setting goals not being well-met. Women’s preference not to experience pain or tire while exercising was significantly less well met than it was for men. Overall, women may be less likely to participate as they do not perceive the programs as meeting their needs{{359 Daly,J. 2002; }}. The totality of evidence suggests that women may benefit from alternative CR approaches{{2409 Bjarnason-Wehrens,B. 2007; 1152 Bittner,V. 2003; }}, although there is a dearth of empirical evidence to test this contention. 
3.1 Home-Based CR
In response to patient preference among other logistical considerations, home-based models of CR care were developed in the early 1980s. While there is no universally recognized definition of what constitutes a home-based program{{1099 Jolly,K. 2005; }}, for the purposes of this review we are referring to monitored programs which make similar use of graded exercise tests to develop an individualized exercise prescription, provision of exercise protocols taught by CR personnel to be performed independently, in addition to provision of reading materials on lifestyle changes, all of which is discussed during scheduled telephone calls between allied health care providers at the CR program and patients. Home-based CR programs have been implemented to overcome distance and transportation barriers, as well as time constraints such as those due to domestic obligations; barriers which are commonly reported by women{{1826 Marcuccio,E. 2003;388 Moore,S.M. 1996;  }}. 
With evidence that hospital-based mixed-sex CR programs may not meet women’s needs, this raises the question to whether an alternative program model such as home-based CR may be preferable. This was tested in a survey of 80 home and hospital-based CR graduates regarding their preferred program model{{335 Grace,S.L. 2005; }}. Program model preference was not related to sex, but results showed that white working patients with perceived time constraints preferred home over hospital-based CR. In another study{{2685 Dalal,H.M. 2003; }}, 106 AMI patients in the United Kingdom (UK) were offered hospital-based CR or home-based CR with the Heart Manual. Overall, 47 (44%) chose the home-based program, and 41 (87%) completed it, while 35 (33%) chose the hospital-based program and 17 (49%) completed it. There were no significant sex differences in program preferences. In the more recent CHARMS trial with preference arms{{2711 Dalal,H.M. 2007; }}, 45% of 279 eligible patients expressed a preference for CR program model, with 57% choosing home-based, and 43% choosing hospital-based CR, and no significant sex difference. Participation in home-based CR was 71% (with 75% completing at least 4 of 6 weeks of the Heart Manual) versus 87% for hospital-based CR. In the BRUM trial of 525 cardiac patients randomized to hospital-based or home-based CR again using the Heart Manual, patients in the home-based arm completed a significantly greater number of CR sessions than patients in the hospital-based arm (p<.001){{3598 Jolly,K. 2008; }}. Program adherence was not analyzed by sex. 
Overall, these results suggest male and female patients prefer home over hospital-based CR, and although evidence is mixed, that adherence might be greater in home than hospital-based programs. There are few controlled studies of adherence to monitored home-based CR programs, particularly among women. 
3.2 Women-Only CR 
With the evidence of women’s benefit from CR participation, their under-utilization of CR, and differential CR needs and preferences, it is surprising that gender-specific CR programs or features are not discussed in Clinical Practice Guidelines, and have only recently been investigated. Indeed, a recent review put into question whether contemporary CR programs are equally suited to men and women{{2409 Bjarnason-Wehrens,B. 2007; }}, and the need to adapt CR services to suit women was highlighted in a recent review of interventions to increase CR adherence{{350 Beswick,A.D. 2005; }}. While this model of CR has not been defined and is operationalized in various ways, women-centered CR generally refers to the provision of exercise and / or educational sessions to women solely, and in a manner which is tailored to empirically-ascertained needs of women.
While a few gender-specific behaviour change programs to meet the needs of women following a cardiac event or procedure have been developed and evaluated (e.g., CHANGE{{1108 Moore,S.M. 2006; }}, PRIDE{{1130 Clark,N.M. 1992;1128 Janz,N.K. 1999;  }}), to our knowledge there are only several comprehensive women-specific CR programs globally. There is a women-only lower-intensity exercise CR program established in Glasgow, Scotland, and an abstract reveals 74% uptake by women post-MI (vs. 6% prior to program inception), although adherence was not reported{{2679 McKenna, M. 1999; }}. Uptake may have been increased due to provision of exercise at a level which does not cause pain or fatigue, and also which does not impact their comorbidities. 
In Australia, the Heart Awareness for Women (HAFW) program has been developed and refined through a mixed-methods approach{{4355 Davidson,P. 2008; }}. The program aimed in particular to address cardiac patient’s psychosocial issues. The program consists of a 6-week program lead by a facilitator who promotes peer support, where women meet in a group for a 2-hour session each week. The feasibility of the program was demonstrated, but a pilot uncontrolled pre-test / post-test study showed no significant increases in psychosocial well-being over time{{4355 Davidson,P. 2008; }}. The results of the pilot can be used to develop an appropriately-powered and controlled randomized trial. 
In the US, Beckie and colleagues recently prospectively tested a 3-month women-only CR program they have recently developed, with regard to physiological and psychosocial effects{{2717 Beckie,T.M. 2006; }}. Women were randomized to either a traditional mixed-sex CR program, or the women-only program consisting of 10 psychoeducational sessions, social support, and 36 on-site exercise sessions. Results published to date revealed significantly greater program adherence among women when attending the gender-tailored versus usual CR program{{5222 Beckie,T.M. 2010; }}. Women in the gender-tailored program attended 90% of the exercise and 87% of the education sessions, versus 77% and 56% respectively for the women in the usual care group. Program model accounted for 5% of the variance in exercise session adherence and 24% of education session adherence. They have also shown significant and persistent decreases in depressive symptoms among women attending the gender-tailored versus usual CR programCITE. 
Finally, there are 2 women-only CR programs in Canada which have published data. Canada’s first women-only comprehensive CR program is 6-months in duration and offers 2-hour women-only exercise and education sessions weekly{{1144 Price,J. 2005; 5224 Rolfe,D.E. 2010; }}. A retrospective review of 315 participants between 1996 and 2004 revealed 85% program adherence{{1144 Price,J. 2005; }}. Second, a CR program in Hamilton, Ontario has instituted women-only exercise and education sessions, and uncontrolled preliminary analyses have revealed significant increases in self-efficacy and emotional well-being, with 75.71±22.19% program adherence{{2855 Gunn, E. 2007; }}. 
4. Implications 
This review has revealed that much research remains to be undertaken. The first randomized controlled trial of women-only versus mixed-sex CR has recently been published{{5222 Beckie,T.M. 2010; }}, and adherence and psychosocial outcomes favoured the intervention. The outcome assessment battery administered was comprehensive, and the scientific community eagerly anticipates publication of these results as well. In particular, the potential of women-only CR for increasing exercise adherence, and in reducing risk needs to be established. 
Future replication through a multi-site RCT and incorporating comparison to a home-based CR arm would be instructive for this burgeoning field. This will reveal the advantages and disadvantages of all available CR models for women. Measurement comparability when comparing adherence to home versus hospital-based CR programs will need to be considered, but approaches such as incorporation of accelerometers and graded exercise tests should be pursued.
Ability to conduct a multi-site RCT is contingent upon consensus of an optimal model of women-only CR. Of the programs developed so far, they were each developed based on women’s barriers to CR as identified in the literature, but do have different theoretical underpinnings (e.g., motivation, empowerment, peer support). Moreover, there are several modalities of exercise that are being offered on the premise that they may be preferred by women, such as structured walking programs, dance and tai chi. Whether heterogeneous replication of the benefits of women-only CR can be achieved across these different approaches remains to be seen, but the field would benefit from rigorous evaluation of varied approaches, and ultimately comparison before we determine an optimal women-only CR program model. The need for reproducibility, however, will need to be balanced with a patient-centered focus.
In addition, we need to ascertain what percentage of women heart patients would prefer a women-only program when provided the choice of home-based, mixed-sex or women-only services. This should be assessed in a broad, heterogeneous sample of female heart patients including women of diverse religious and cultural backgrounds. Perceptions and adherence to alternative models of CR should also be tested in the latter populations where traditional mixed-sex programs may be considered inappropriate. Ultimately, we need to investigate whether these models of care result in lower morbidity and mortality, or whether providing access to preferred program modalities can result in better clinical outcomes. Finally, sex differences in utilization of other outpatient chronic disease management programs such as diabetes education{{3916 Gucciardi,E. 2008;2747 Houde,S. 2007;  }} and heart failure clinics{{2747 Houde,S. 2007; }} are also starting to be investigated, and warrant further research attention.
The policy implications of this work remains to be determined. While there have been many calls for provision of gender-tailored and women-only programs, there is now preliminary evidence to suggest that governments internationally should consider future development of policies and funding models to support access to these services, pending further evidence. However, given the ever-present funding constraints for CR services, careful attention will need to be paid to funding allocation to support optimal service provision for all patients. 
As this literature proliferates, it will be important not to paint all of women’s preferences in one broad stroke. It could be that many of the small minority of female cardiac patients who attend mixed-sex CR programs are content to have social opportunities with men and women, while other patients whom we often fail to reach would prefer women-only services. Also highly internally-motivated women might be best suited for home-based services, particularly in the presence of geographic and transportation barriers. It is hoped that this discussion will incite more one-on-one discussion with female patients regarding program model availability, and matching referrals to women’s unique needs and preferences.
5. Conclusions
Although CR model preferences have not been established for the female cardiac population, there is consistent, overwhelming evidence that CR is an effective intervention that should be offered routinely to all women. In Arthur’s review of the literature{{2506 Arthur,H.M. 2001; }}, final research recommendations were for “more study … regarding different approaches to programming … which may be more suitable for women,” and “investigation of novel approaches to increasing women’s participation in CR”(p. 61D). This call continues to be unheeded. Multi-site investigation with randomized designs on the benefits of, adherence to, and preferences for, these innovative program models is imperative. It is hoped that this review will spur continued investigation into whether alternative models of CR delivery can indeed increase women’s participation in these life-saving services.
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